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Abstract

*2Rn concentrations have been eva-

The background level and timely variation characteristics of atmospheric
luated by the real time monitoring at Gosan site of Jeju Island, Korea, during 2008~2015. The average con-
centration of atmospheric radon was 2,480 mBqm™ for the study period. The cyclic seasonality of radon was
characterized such as winter maximum and summer minimum, consistent with the reduction in terrestrial fetch
going to summer. On monthly variations of radon, the mean concentration in October was the highest as 3,041
mBq m™’, almost twice as that in July (1,481 mBqm™). The diurnal radon concentrations increased throughout the
nighttime approaching to the maximum (2,819 mBqm™) at around 7 a.m., and then gradually decreased throughout
the daytime by the minimum (2,069 mBqm™) at around 3 p.m. The diurnal radon cycle in winter showed com-
paratively small amplitude due to little variability in atmospheric mixing depth, conversely, large amplitude was
observed in summer due to relatively a big change in atmospheric mixing depth. The cluster back-trajectories of air
masses showed that the high radon events occurred by the predominant continental fetch over through Asia
continent, and the radon concentrations from China continent were about 1.9 times higher on the whole than those
from the North Pacific Ocean. The concentrations of PM,, also increased in proportion to the high radon con-

centrations, showing a good linear correlation between PM,, and radon concentrations.
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*Rn, “Kr, *"Pb, Be2 A|AI714717H/A - 713HA]
2(WMO/GAW)O| A 8 TE 4o ZFAA A&
Aoz PelstEs YA ik EA Py 2
Ho|th(WMO/GAW, 2001). o] ZollA] *Rne 2}H¢iA|
of 9] Exdl= T4 AAWAts AR AAYAs
T A =& YAAFEY 50% oS AATTH
(Almeida et al., 2004). 2*U2] B3 A& THA o A *Ra
o) - 832 YT PRne 4] -5} 439 -
232 A HEHoE Mphoz RSt} BHE)
ZQ T4 2E *Rn(radon), “*°Rn (thoron), *’Rn
(actinon)©] t|EA o]tk (Moon et al., 2009; WMO/
GAW, 2004)

ZEY BElFQl LS BT A 144
ol7] W&o HEL BE EYolA vFeE W&
ok 282 AAEEA2RE AE7] gy =
gf Fitolu AstpolA & FEF Hola b7
M= wFez HAEHh EIF F7|HE T} ovjiut £A
A A& 7SS =7 B w3 A &
olstAl FEol fAEE Ushdth ® sty o
EZ0l7] diizol ¥hAol A9 glaL, 714 AdEH=
EA57] fizel WA FitEE olF EAS Eeld
(Vinson et al., 2008; Bonotto and Padron-Armada,
2008).

gHES QA Rohe gHE A9 F2 *Po, *Po

9] a-gHel o3l WAsH= WA oty # 23]
EHAA Y-S FEths Aoz dEA Ao &
5 YA FUEE T 7kaE ol FREA
I A 352 F wiEE ZAIE oA &
ot 28y ghEo] BB NN BAEHE e A
TS IAEERE FA7AHQ Hoks W YA ot
webx F7lo] EAshe WA, gujdr], 281 +F
710 F2tE o ooj2Z FE= Ho gA FArEh
ol 5 Y& HolA AAHAY 717 ez wEEA
Ot RE2 FYSHHA a-rayE HESHe] Ar|H ez
IS GistE Aoz HuE Qi (Choi et al.,
2009; Miles, 1988).

A Folx 2] Pe) P 7AE 2 Ay
At B POz olzeixm gtk 1w o}
AR W7 Fe Julg BHES BUEskE A3

ofN 2 pit Fo

AFE TAAA G 7] 2 wid = 2 AAE dF 175

T AY olRolAA] Raku Yt 7] BHE
313 o 2AAE B8] SIaE FrlF
ZE T8 ASAoR HUHPY e
o] - opX|ottiFollA HAF
B3t 2% 3AY olF 29EAY
a7 glatel fy) BEL A&d oz @Y
a7t et

7] 9] Ay 22 BE YA £
08 PEFE £E2 wobsjor 3, olF YahME:
YA QN BtES] WA ES BET Bast ok
E3] obAloti o) BHF Fo S0l X Tk
35 digolA LAt 717E B A o=
oz 7| dE=d A d7] shes= Wsk A
A&Hog2 A Bart ok B3 *Rnd %717
7} 3824 AxZ FQ9 7|2 FEZ (NO,, SO,, CO,
0; )3 H=3h +S Yehlal 7] ooj=2E&3=
ARt -8 H oIt} (Zahorowski et al., 2004). 18]
I ol S3EA Al F=, 25k, A= st
of sletA oz EEAQL 4EE Uetd7] diiol ofof
2Eo 7ty 0GBRY P 24 SHL T}
317] 98 AABAZ Fgo| FH5t

F| 2o Y7 AFEHE FHLE S AT %
H7l 0GB FAAE BEH] JF ATE A
&3kl It SO, NO, 59 Hi7|eded2 d7] &
oA o]F Fol stetgde] Halstr] wzol tf7]ed
249 FAY 0|5 P AYT 4 ¢k T
£ 7HA AL o o]of Htef S o 83t ghehE
O WEA g BBR7IAl D A OR 71 W
#71(3.82)E 23 ok wEhA] FE7 Azt
571 Foll MEd 7] w2l 7]t ok
719BAe) 3 o5& AT oI 4§
ZA828 go] 7153t (Jamil et al., 1997). £3]
ANSTO (Australian Nuclear Science and Technology
Organisation)o| A= Q| AEE F2& WMO/GAW T
S45 THEE AlA 309 A H=HdE71E 2
ste] BEREE A&How mygPsa 9l
(Zahorowski et al., 2004).
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2.1 2= ZLIEHE

7] 9 B see AFE AFA S a4
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10E)olA S745tgieh 2t as AFe A% 2
AR AFIA7ZHZRE AE WFo 2 oF 300
m HojZl s 72m Aol YRSk UTH(H D).
7] g FEe TFHH37|E7]F (ANSTO, Aus-
tralian Nuclear Science and Technology Organisation)
oA AAFeR A, AT 1fE FEHE7] (B
4 D1500, 1500 L dual flow loop, two filter radon
detector)S ARESFe] 2008 1€ E 20159 12¥€97}
A 307 A= AARZE FH5AT o] HE7= B
HE A & A 2 fd49 2= B A fiolA
RAE e AAFlA WEd EdRdAE SHste
Aotk A AAE ZnS (Ag)ot wHSHE Age
A, o] & FAFuTo R HESIY ASst=s A
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@ Gosan station
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Aol glon, A&dA = oF 25~30 mBqm~o|th
(Whittlestone and Zahorowski, 1998). 4 Ho|e}=
gt =AEA 28] WAE data logger (Campbell Sci-
entific, 9 CR800)&} AFEE ALg3slo] 308 7+4
o7 AARE stk HolH AR € 13 7|2
5AZE Feb At en, A4 BEEYS Ra
(18.5+4% kBq, Pylon Electronic Inc., =& RN-
2000A, Canada)E AFE-5IS T

T =719 Hhe (background) ZE tiEF 370
712 3719 9 A Aol 7171 ZAA 9] Bt
T FEE 24A7 5 &5t AAstgiot. oluf uf
23k AE719 23 e 23E *Pb (7] 223
W) 53 22 2he AsFe ol et A3to] Hakg
of wat A3 Asdhs A HAth dFelA 2
= 345 9% 7] 9= 50mm HDPE wpo| 25
A4 10m o2 A 5te] 374 EE FUSHATH
2 2).

2.2 9HH 2N

g7l BEY o5AE FHS AT GHH B
294 IEE 500 mE ARG, LA g
go] o 00 UTC (KST 09:00)2 A5kt 941
BAe )73 (NOAA/ARL)IIA A Zahe
HYSPLIT4 (HYbrid Single-Particle Lagrangian Inte-
grated Trajectory) @& ©o]835}¢ch 22|11 AR
o (33°17'N, 126°10E)S =2 H o2 36A|17He] J3

Fig. 1. Location of Gosan station at Jeju Island and field installation of the radon detector.
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Fig. 2. Installation of the 1500 L radon detector (ANSTO, D1500, Australia).

4 A2E DAL, A4 24 A0S 7122
ATPEAe ANstel 1R FUH2E TP
At old AFgE 7]AF A& uj=+ NCEP (National
Center for Environmental Prediction)®] 2 7|42
2 (MRF)Ql GDAS (global data assimilation system) ]
o]E] & o]|-&3} %l th(Draxler and Rolph, 2013).

3. Zu ¥ n#

3.1 1AXY 2tE s

e AFEAE, Aok, ASAA, 4A, ES Tl
A WEE F2 AWEite] EARH. 22y 3let
Aoz F84olal BlEo= A &ajEA ¢7] W&
of 7] FL2 QA ZAiEe A4S Uit 19
A 71z EASH] diiel W7l FelA 71RE
BRI o] Fste] 7o) el 2o wet & s=AE
Holth gz oz dA7| o] 2| Zko]7] wizof s
oA ol Fdt F71ol Hls| thFolA BAHE F7100A
2~38) B & FEE Hols Aoz ¥YA Ut
(Choi et al., 2009; Bonotto and Padron-Armada, 2008).

7] 59 =2 AWy A8t F3te] v F=7}
2R 7] o] ofF &= HEV|E 0|85t
ST 4 Atk ANSTOA = 0|23t 1% 2h=4
2718 AAHe=z 24, AFst Ao 293
WMO/GAW #E4AE FA402 AA 300 27l of

7] g ST TS5 £FskaL Sk o] o] 4
20019 2HE A&7
o7 = & A5 Yo, ACE (Aerosol
Characterization Experiment)-Asia 2 13 =312 9
3 BES AZSHAT & AtollA 2008 HE 2015
7H] & 8WZt AN e FEE S,
ST FETE2RE 97 SGEHSE I8 39 Y
Bt AlF=E 3499 FE Hdses
2480+ 1,004 mBq m™ (0.067 pCi/L)& Ueptom, o]
£ 20139 1195E 20149 39717 4% S2fvtet
AU H#5=21 1064 Bg m” (2.9 pCi/L)o|| v]3} 1/43
v e pFolth a8 FU7IZE AFAG e AW
2= =% 88.4 Bqm™ (2.4 pCi/L)o] H]3) 1/36H) s
328 KHo|al Qlth(Lee et al., 2016).
I8 dE¥HIZ = 2008E > 20099 > 20159 >
20118 >2010 >20128 >2013d>2014d &0 2
20089 #t=E%7) 2,777 mBqm~ 2 7F =Sk,
71 e FEE 1l 20149 (2,184 mBqm™)of v 5
130 =0} 2ol S BT,

IR Y TS T B A9 vl 2
HE £ 1o 53 T B 2 dolE=
d2e Aot Ast 3 SHeE SAET A,
7] = 54 2o A TrE UA Yt w2t
A ©]Z Kim et al.(2007)0] 19999¢ 12€¥€H g 2002
1¥9] 5%5% Electrostatic Radon MonitorE AR&-5}¢]
A& Tl &78% Ao} Blas HQltt o] A
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Fig. 3. Variation of daily radon concentrations during 2008 ~ 2015.

Table 1. Atmospheric radon concentrations at Gosan and other sites.

Site Concentration (mBq m™) Periods
Seoul, Korea" 7,620+4,110 1999. 12~2002. 1
Sado Island, Japan® 2,555+261 2002~2004
Hok Tsui, Hong Kong” 5,580+ 626 2002~2004
Mauna Loa, Hawaii® 102 2004~2010
Hong Kong” 9,300 2007. 11~2008. 10
L’ Aquila, Ttaly” 9,700 2009.3
Bucharest, Romania® 40,260 +7,540 2011.1~2011. 12
Gosan, Jeju Island 2,480+ 1,004 2008.1~2015.12

UKim et al., 2007; *Chambers et al., 2009; *Chambers ez al., 2013; “Chan et al., 2010; “Pitari et al., 2014; “Zoran et al., 2013.

719 HEAY FE 5 7620+4,110mBg m~2
TARA ol H]sf 3.1 2 ES Holal ok B
o5 FPAGHY FeE Hwd Ao AR
S 9| =57} 5tete] Mauna Load] Hlsf 24.31] A
T 3A & #F& Hola ok a8y &F Hok
TsuiRTH= oF 234 Y& =2 H ¢ th(Chambers et
al., 2009; Zahorowski et al., 2005). 1AFA] o] 3}9}0]
Mauna Loa®] H]8 8 H & =5 Uelis A
2 3}elo] Mauna Loa T&49] X7} =7} 3,397
mof| YAt Ui, hF e 2iE e Hojil FAA
ojo] Ajglo] shepo.E Seiel Q7] el Aoz
woEnh SRRt =429 &3 9 King’s Park
Meteorological Station, 0|€r2]o}2] L’ Aquila, Fufo}
R4 el Bucharest 2|2l B8] AR 9 o] B
T 7474 38,39, 18.14) © E2 wjAA Ao 54
el 1L Q= Ao Z RALEQIth(Pitari ef al., 2014;

FEmi71eg e A Al 33 A A 2 =

Zoran et al.,2013; Chan et al., 2010).

3.2 dt= sk AAE EY

3.2.1 24, 7|EH 5= #§}

2008 HE 201590 A% BtESEE 9HE 1)
Wk, 1 AIE 9 49 FESIET ™A
Biss 8AY A7 S8 YEE HAe g
o], = A AlY FA] HIHE FRlstr] ¢
sho] F3T 90,75,25, 10 #9155 FAlol H|

watgieh. 1YY ol Y717t U BE L
Oct>Nov >Feb > Dec > Jan > Sep > Mar > Apr > May
>Jun>Aug>TJule] £02 1094 3,041.0mBqm™&
7H &3, 790l 14807 mBqm”2 71 Wttt o]
3 AFL 2001~2007d ] DAZH2o)A ThE
ANSTO #HEHZ7] (L8 DIS0)E A-g3te] &35
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Fig. 4. Monthly variation of the radon concentrations at
Gosan site.

2ot vt ¥t feS Hol1 glrh(Kang et al.,
2012). =3 ¥ 2= FEE 90 B9+ 10 E915
2 FESto] AEEY AsE A9 AAE W E4
< Hwstglch 1 A3 90 915 e s 19T
49o] U FHdFE F0]¢ tha thE AFS Holu
10 294 g =55 B AR f3E UE
Ak ol2fgt At g R AdAeE 22 A
233 FFOERE ESUA Frilo] B2 wHY Al
A gl A= FAHT

AT 71708 ARE HHsE= AZEH 3,041
mBqm~& 7MY} =91, TS o' 72 3,004 mBq
m”, 2 2,190mBqm™, ¢J& 2064mBqm™ £ 8 =
AT 5). o] AH AFE w7t Zol7t U=
olfr= BAAE S0l FRE olF= T ALH
of 717t 59 F3F wol v, vz J-5 AE
3o FFLR AFeRRE F7I7t oFTte] oI5H
o =7t R dQlew HRlrh E tf7] EFe &
ol= 717 A% (planetary boundary layer)o] tFA;
gof i 7| e dEoly i A271A s=7F 2
T AHEZE ORI UE Y9 EHF HOIE U7
L HEY 74, AL, F Ao Fagh 4TS gt (Kim
et al., 1985; Duckworth and Sandberg, 1954). 181
ALE b7] 2die dAZ R 72T A&l 7
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Fig. 5. Seasonal comparison of the radon concentrations
at Gosan site.
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Fig. 6. Variation of the diurnal radon concentrations at
Gosan site during the study period.

o] $AEo] £ FEE Mot 0 FHHh o]
AP A SEFEE U A Wk} R &
Fao 3 L Fao] et gEo] FuAL U
HEA = ¥ekE 9071 g R0 BuEt.
E3 SHEY A HEWSE AREE vwote,
7 F%E 7Y 79 tehfsich ARERE AL
eHES) A, A4 w7} 2 KolS Holx) AT of
Bolt Aol ul3 WA o 2 Ao)B Holm gk
ALHolE Foltt LR} 2 Kol Holx] ghm
97) EFR Holw AjHOR e wehd SHE
o U7 A, Ha: w7t 2 HolE Hol gt
TEt oloh NI Folth LEA 2 WAE Hol
L oolgHo EyaY B3 W F47 2 WsE 1
AUtk mepd olB Aol stEe] A, A2 w7} A
2ol ul3) B 2 Aol Mo 3 9 AT 5 v}

(Chambers et al., 2016).
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Fig. 7. Seasonal breakdown of the diurnal radon cycles
at Gosan site expressed as mean hourly values
for the 8-year composite.
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3}t (Zoran et al., 2013; Zahorowski et al., 2004).
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Fig. 8. Cluster back-trajectories of air masses corresponding to radon monitoring data at Gosan site during 2008 ~

2015.

Table 2. Statistics of radon concentrations correspond-
ing to cluster back-trajectories.

Concentration, mBq m™

Pathway
Mean Median 10th 90th
Cluster 1 (n=1211) 2,308 2,681 1,741 3,993
Cluster 2 (n=953) 2,408 2,327 1,320 3,521
Cluster 3 (n=388) 1,494 1,295 317 2,874

Cluster 1>Cluster 2> Cluster 3
Solq ARG o5 Wl BHE e} M &
I, 502 EoA 7H7 fYENE o o
OR %o AFE Beh o] BejgpelAl /177

w08 7|57} 33

OJERE el kNN 717k FUHLE wel v
o BR e HES et Aoz SelEgit

3.4 BLETL PM,, SE AT

7] S=3 PM,, =] FHAS lstr] 919
o FEL 7|1R0E 57 &S A 25%, F7F 50%,
5+9] 25% 2 FRELo] ZH2ke] PFE =S wwatglct

383 g S A8k Al71Y PM, A5 =9
BoS AT vwste] & 3o Yehgith ojdf PM,,
AFLrl 7)Aol TAZA LA Bray S5HHO

2 Z4% PM,, AE5AT HolE & o854t

3 3049t o] A9 25%9] BHEMm=683) FE=
3,800 mBqm~0]§laL, 0|9} TUF A|7]9] PM,, Hk
FEE 4lpgm™E Hehglch whdel] 7t 50%9]
FE=n=1367) &= 2443 mBqm™, 3}¢] 25% (n=
683)= 1,220 mBq m™0]¢aL, o]¢} UX|st= A]7] <
PM,, st Z17F 32,25 igm™ S Yebfgict &
TF717ke] 9 2hE X9 PM,, AFEEE I HEA
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Table 3. PM,, concentrations corresponding to high,
medium, and low radon levels.

Concentration level Radon (mBgqm™) PM,, (ugm™)
High (25%) 3,800 41
Medium (50%) 2,443 32
Low (25%) 1,220 25

2 L3 ABAS (e 03 FEE Aol
g 2 Aoz uepith 1oy BHE SEE
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